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T he need to use multilevel models when analysing hierarchical datato take account of the correlation in the data when estimating regression coefficients-is widely recognised in health research. 1 2 The advantages afforded by multilevel models-including the ability to partition variation to determine the relative importance of different levels of the hierarchy, to test hypotheses about variation, and to attempt to separate the influences of context and composition-are also well reported. 3 The complexity of the real world means that our data are not always drawn from strict hierarchies. 4 In this issue of the journal Chandola et al consider a multiple membership model-a situation in which individuals may belong to more than one unit at a higher level. 5 Their data follow up individuals over nine years during which time they may belong to several households and may move from one area to another. However, it is only data on residence that are longitudinal; data on health are restricted to the end of the study. This editorial considers how multilevel modelling can be used to analyse such data to give an insight into contextual influences at different stages of the life course.
Consider a two level model of individuals in areas. If the data were strictly hierarchical (or equivalently, in this case, if they were cross sectional) the health of the individual might be modelled in terms of the known characteristics of the individual and area plus unexplained effects (or random effects 6 ) at each level. But if people move from one area to another andthrough whatever mechanism-areas have an effect on individual health, 7 we might expect the total effect of place on an individual's health to be an accumulation of the effects of all the areas in which that person resided. Figure 1A shows how an individual P 1 might be living in area A 1 at time T 1 but in area A 2 at time T 2 . Denoting the effects for the two areas by u 1 and u 2 respectively, the cumulative area effects on those who did not move-P 2 and P 3 -would be u 1 and u 2 respectively. For individual P 1 , having spent equal amounts of time in each area, the net contribution to health would be
This suggests that the cumulative health effect of area of residence on P 1 lies halfway between the effects on people who had spent all their life in areas A 1 and A 2 -individuals P 2 and P 3 . This is a pleasing result and clearly is of potential importance for contextual influences in life course epidemiology. However, its impact will be limited for two reasons. Firstly, there is no notion that places may change over time; the effect of area A 1 at times T 1 and T 2 is assumed to be constant, u 1 . Secondly, the direction of movement is not taken into account; if area A 2 is the most recently inhabited then the magnitude of its influence may differ from that of A 1 . And in life course epidemiology this could be crucial-the difference between the area of residence in childhood and in old age, for example.
There is also a mathematical consequence of these models for the area variances. For a static individual such as P 2 the total variance arising from the area of residence is while for a mobile individual such as P 1 the corresponding variance is As a mean, the variance of the cumulative health effect of area of residence for mobile individuals is always lower than for static individuals. But is there less variability in the health of mobile than static individuals? If not then the estimate of the variance between areas s 2 u will be inflated unless the additional variability in the health of mobile individuals is modelled at the individual level.
When an individual moves from one area to another it is easy to think of the area as remaining comparatively unchanged as one person is unlikely to affect the area's defining character or its influence on health, but what of the household? With such a small unit one person joining or leaving may change the household dynamics and its effect on the individuals' health. It may be that little remains constant beside the physical environment (if the new household lives in the same physical dwelling). Figure 1B illustrates how households may evolve over time. At time T 1 there are two households-H 1 and H 2 -each containing two people P 1 2P 4 . By time T 2 both households have broken up, forming four new one person households, and by time T 3 two new households have formed containing different combinations of the same four people. It is difficult to think of any of the six subsequent households H 3 2H 8 as having much in common with H 1 and H 2 . Cross sectional studies conducted at two time points would find the same areas but different households; this means that it is not possible to examine the effect of household membership at different time points in the same way as can be done for areas. The debate as to the extent to whether differences between areas reflect differences in contexts as compared with differences in their composition 8 is even more relevant to the small household unit: is a household any more than the sum of its constituent members? Are these household effects or interactions between individuals?
Certainly household and area remain important units for analysis in our attempt to understand individuals' health and health behaviours. The paper by Chandola et al extends this by showing the potential importance of taking changing membership into account and the technique by which we might do this. Their methodology takes account of length of exposure to the area or household during the study period; future research must consider the interaction between the exposure and the stage of the life course.
